A b n o m l joint mobility is an important factor in movement dysfunction and physical disability. Because the decision to treat impaired joint mobility in an older individual may be influenced by assumptions concerning n o m l range of motion (ROM) at older ages, it is important to establish population-based n o m -
als.5 Unfortunately, much of the available data dealing with age-related changes in normal ROM have been derived from studies involving small samples in which the subjects were not randomly selected. Although several of these studies have included individuals of different races, none have explored the possible effect of race on normal ROM. Because the decision to treat impaired joint mobility in an older individual may be influenced by assumptions concerning normal ROM at older ages, it is important to establish population-based Physical TherapyNolume 71, Number 9/September 1991 - The purposes of this study were (1) to establish age-groupspecific US population-based normative values for hip and knee active range of motion (AROM) for both men and women and blacks and whites and (2) to explore possible differences in these normative values between the youngest and the oldest age groups.
Background

Normal Range of Motion
There are many sources that provide estimates of normal hip and knee ROM (Tab. 1).&12 Although these sources agree fairly well in their estimates of normal hip abduction, flexion, and internal and external rotation, the estimates for knee flexion and hip extension vary widely. None of these sources indicate whether these values represent AROM or passive range of motion (PROM). No information is provided to indicate whether these normal ROM values are appropriate for older age groups. These sources do not specify the characteristics or number of subjects used to produce the estimates of normal ROM.
Age EIlects
A number of studies have examined the influence of age on joint motion. Boone and k e n 1 examined 109 male subjects aged 1 to 54 years. The subjects were from a variety of racial backgrounds, but the results were not presented by race. Together these studies suggest a decline in ROM with advancing age, but the magnitude of that decline is not well documented. Sample size and method of selection limit the generalizability of these results to the US elderly population.
Gonlometry
Goniometry is the most widely used method of measuring ROM, and a number of studiesl'l"ave been conducted to examine its reliability. Although most of these studies have demonstrated that acceptable intrarater and interrater reliability can be achieved if the methodology is reasonably standardized, the reliability of goniometric measurements appears to be influenced by the joint being measured and by the subject's physical chara~teristics.14~~5 A classic study by Boone et all4 revealed higher intertester reliability for upper-extremity measurements than for lowerextremity measurements. This finding Physical Therapyllrolume 71, Number 9lSeptember 1991 led the authors to conclude that lower-extremity movements are less amenable to reliable measurement. Boone et al estimated that the measurement error attributable to the goniomelry, rather than to the tester or the measurement session, had a mean standard deviation of 3.7 degrees and suggested that the precision of goniometric measurement was such that a change of more than 6 degrees was required to accurately detect a real change in ROM. This view is challenged by the results of a study by Watkins and colleagues,l8 who obtained excellent intratester reliability for goniometric measurements of knee PROM. Unfortunately, no quantitative analysis is available concerning the reproducibility of the goniome~ric ROM measurements made during the first National Health and Nutrition Examination Survey (NHANES 1). Some problems with reproducibility were reported. Because the technicians were rigorously trained and the procedure for making goniometric measurements was well standardized, researchers involved in this component of the NHANES 1 concluded that the variability was largely attributable to the effort-dependent nature of AROM movements. ' 9 
Method
This study was a secondary analysis of public-use data tapes from the NHANES 1. The NHANES 1, which was conducted by the National Center for Health Statistics between 1971 and 1975, was a multistage probability survey of 14,407 persons, aged 25 to 74 years, drawn from the civilian, noninstitutionalized population of the coterminous United States. The design of the NHANES 1 produced a representative sample of the target population for the period April 1971 through June 1974. 20 A subset of the sample received a more detailed health examination, and goniometric measurements of the hip and knee were obtained from a further subset of the sample. Each of these individual subsamples can be used to develop weighted estimates of the US p o p u l a t i~n .~~ - The analytic sample consisted of 1,892 subjects from whom goniometric measurements of hip and knee AROM were obtained. Of these persons, 1,313 were white, 370 were black, and 209 were of some other race. The data for only the black and white subjects were used in this analysis. Of the subjects in this group, 821 were male and 862 were female; 433 of the subjects were 25 to 39 years of age, 727
were 40 to 59 years of age, and 523 were 60 to 74 years of age. Data were collected on a number of characteristics of this group including the body mass index (BMI), which is a measure of obesity.22 Data on the body mass characteristics of this population are provided in Table 2 .
A separate analysis of the NHANES 1 sample, conducted by Cunningham and Kelsey,23 revealed that, by selfreport, 8.2% of the subjects had hip
Physical Therapyh'olume 71, Number 9/September 1991 -symptoms such as pain and swelling and 13.3% had knee symptoms such flexed on the measured side and the opposite leg extended and resting on the examining table. Knee flexion was performed in the supine position by simultaneously flexing the hip and knee, with the foot on the measured side resting on the table. The opposite leg was kept extended on the table. Hip abduction was also performed in the supine position. The knee on the measured side was kept straight, and the examiner supported the weight of the leg as the subject moved it out to the side. Both hip internal and external rotation were measured in a seated position, with the knee flexed to 90 degrees. All measurements were recorded to the closest 5 degrees. '9
Data Analysis
To develop national estimates for the percentile distributions presented in Tables 2 through 8 , survey sample weights were used. The Statistical Analysis System (SAS) was used to "CI=95% confidence interval - calculate weighted univariate statistics, including the mean, the variance, and the 100th, 75th, 50th, 25th, and 0 percentiles.24 Percentiles were calculated to provide information on the proportion of the population that had AROM of a given or greater value. The 95% confidence interval was also calculated for each mean. Confidence intervals provide, with a certain degree of assurance, the range within which the true value lies. The effect of Sample size can be ascertained from the width of the confidence interval. The narrower the confidence interval was, the less variability was present in the estimate of effect, reflecting a larger sample size.25 When the differences between the means for the youngest and oldest age groups were large enough to be clinically relevant, Student's t tests were calculated to determine the statistical significance of these differences. Because the impact of a difference in degrees of motion between age groups may be influenced by the arc of motion of the movement, a percentage was calculated by dividing the difference in mean AROM between the oldest and youngest age groups by the mean AROM of the youngest age group. Percentages were calculated for the total group and for each of the 12 sex-race-age-groupspecific categories. The initial analysis produced very similar results for the right and left sides. Because none of the available literature suggests that the left side of the body ages differently from the right side, only data from the right hip and knee were analyzed. All means and variances were rounded to the nearest whole number.
Normal Actlve Range of Motlon
Percentile distributions for hip and knee AROM are presented in Tables 3   through 8 . In each percentile distribution, with only one exception, the mean and median were the same. These nationally representative estimates of hip and knee AROM generally were smaller than those presented in Table 1 . In most instances, values for the youngest age group were similar Physical 'TherapyNolume 71, Number 9beptember 1991 to those in the textbooks. Even in the youngest age group, however, the population-based estimates for internal and external rotation and for knee flexion were as much as 12 and 16 degrees less, respectively, than the values shown in Table 1 .
Age Differences
For the combined group, the mean AROM values for all motions were lower in the oldest age group than in the youngest age group (Tab. 3). Mean AROM values were also found to be lowest in the oldest age group for all sex-race groups except for hip flexion in black men (Tabs. [4] [5] [6] [7] [8] . The differences in mean AROM were generally small, ranging from an increase of 3 degrees for hip flexion in black men to a decline of 10 degrees for hip flexion in black women. With the exception of hip flexion in black men, AROM values at the 75th and 25th percentiles were also uniformly lowest in the oldest age group. The AROM values between the 25th and the 75th percentiles represent the range of values for the middle 50% of the population. Interestingly, there was considerable overlap in these middle ranges for all three of the age groups.
With the exception of hip flexion in black women, the difference in mean hip and knee flexion AROM between the oldest and youngest age groups represented less than 5% of the arc of % motion (Tab. 9). For movements with smaller arcs of motion, the difference in degrees of AROM between the oldest and youngest age groups generally amounted to less than 15% of the available arc of motion. Only in hip extension did the difference in AROM between the youngest and the oldest age groups represent a decrease of more than 20%.
This study involved a secondary data analysis. Several aspects of the research design may have been less than optimal for the purposes of this study. The design used in the NHANES 1 to collect goniometric data on hip and knee AROM has several problems. First, all measurements were rounded to the nearest 5 degrees. This rounding may result in considerable loss of resolution for movements with small arcs of motion. Second, although all motions were performed in AROM, some motions were gravity assisted, some gravity resisted, and some gravity neutral. The roles of the neuromuscular system and of subject effort, therefore, may vary from motion to motion. Finally, it appears likely that the effortdependent nature of AROM movements may have created problems in terms of the reproducibility of the data. The advantage of using these data is that, because of the size and the representative nature of the sample, they provide the best available estimates of normal hip and knee AROM for the US population.
In interpreting the results of this study, it is far more important to consider the magnitude of the differences in AROM among various age groups in terms of clinical significance than to examine whether these differences were likely to have occurred by chance. Differences in AROM, which represent less than 10% of the arc of motion, probably are of little clinical importance. Only for hip extension were the differences between the youngest and oldest age groups consistently greater than 15% of the arc of motion. Hip extension had the smallest arc of motion of all of the movements examined. It may have been affected, more than other movements, by the loss of resolution attributable to rounding measurements to the nearest 5 degrees. Such loss of resolution, however, should make it more, rather than less, difficult to detect differences among groups.
The small size of the differences in mean AROM between the youngest and oldest age groups was somewhat surprising, given the commonly held belief that aging produces a substantial decline in ROM. Several factors should be considered when interpreting these results. First, these AROM values were derived from a noninstitutionalized population. This restriction eliminates individuals residing in Physical Therapyllrolume 71, Number 9ISeptember 1991 Second, this was a cross-sectional study; thus, the results cannot be used to arrive at conclusions about changes in ROM with increasing age. Both cohort effects and survivorship may have influenced the AROM estimates for the oldest age group. Despite these caveats, these data would support the view that, although a decline in AROM occurred between the youngest and the oldest age groups, the magnitude of that decline was not so great as to be clinically important. Therefore, at least to age 74 years, large losses in ROM should not be accepted as a natural consequence of aging.
The magnitude of the differences in mean hip flexion between the oldest and youngest age groups for black women in this study was twice as large as for the other sex-race groups. One possible explanation for this finding is differences in body mass between the group of black women and the other three groups (Tab. 2). The BMI is a measure of obesity. Unlike the mean BMIs of the other three groups, the mean BMI for the group of black women fell into the category of overweight. In overweight individuals, the AROM into hip flexion is ultimately limited by the opposition of the thigh and the abdomen. Greater body mass may have limited the available arc of motion in the black women in this study. Joint pathology may be another possible explanation for this finding. In the NHANES 1 sample, black women had a higher prevalence of osteoarthritis than did the other subjects, even after controlling for obesity. 26 Lower mean ROM values in black women may actually indicate a higher prevalence of joint pathology.
- The results of this study indicate that the va1ur:s for normal hip and knee ROM provided by many textbooks may not be entirely representative of the US population. This study documented lower mean AROM values among subjects in the oldest age group. With the possible exception of hip extension, these differences were so small that they probably are of limited clinical importance. Because this study was limited to subjects 74 years of age and younger, it is possible that aging causes more substantial losses in ROM at ages beyond 74 years. The results from at least one other study* are consistent with this view. Nevertheless, this study supports the conclusion that, at least to age 74 years, any substantial loss of joint mobility should be viewed as abnormal and not attributable to aging and therefore should be treated much as it would be in a younger individual.
- 
